We have resolved and analyzed two proline-rich proteins isolated from the walls of soybean cells in culture. The proteins are similar in amino acid content, containing 20% proline, 20% hydroxyproline, 20% lysine, 16% valine, 10% tyrosine, and 10% glutamate. The proteins undergo a rearrangement or a limited cleavage in dilute NaOH, but are otherwise remarkably stable to a high concentration of alkali. We have cloned and sequenced a cDNA from soybean axes germinated for 31 hours (1A10-2) coding for a protein that closely corresponds in its amino acid content to that of the proline-rich proteins. The cDNA sequence predicts a decameric repeat of Pro-Pro-Val-TyrLys-Pro-Pro-Val-Glu-Lys. Consequently, this class of proteins is referred to as repetitive proline-rich proteins, i.e., RPRP2 and RPRP3. We have also analyzed RNA gel blots with probes that discriminate between the new cDNA clone and a related cDNA previously reported [SbPRPl; Hong, Nagao, and Key (1987) . J. Biol. Chem. 262, 8367-83761. Messenger RNAs from young seedlings and from soybean suspension cultures correspond primarily to the new RPRP clone (1A10-2), whereas the predominant mRNA accumulating later in the roots corresponds to SbPRPl.
INTRODUCTION
The walls of plant cells contain severa1 types of hydroxyproline-rich proteins (Lamport, 1980; Cassab and Varner, 1987) . One class of such proteins, termed extensins, are hydroxyproline-rich glycoproteins with about 65% carbohydrate, predominantly in the form of tri-and tetra-arabinosides linked to hydroxyproline (Lamport, 1980) . The proteins have been isolated from wounded plant tissues (Stuart and Varner, 1980) and from cells in suspension culture (Smith, Muldoon, and Lamport, 1984) and contain Ser-(Hypk and Val-Tyr-Lys as the predominant repeats (Smith et al., 1986) . Recently, we reported the isolation of two proteins (28 kD and 33 kD) from the walls of soybean cells in culture (Averyhart-Fullard, Datta, and Marcus, 1988) . These proteins, representing a second class of hydroxyproline-rich cell wall protein, contain 20% proline and 20% hydroxyproline and appear to be related to cDNAs encoding sequences composed almost completely of repeats of Pro-Pro-Val-Tyr-Lys (SbPRPl , Hong, Nagao, and Key, 1987; 1AlO-1, Averyhart-Fullard, Datta, and Marcus, 1988) . A protein with a similar repeat, p33, has been described in carrot roots (Tierney, Wiechert, and Pluymers, 1988) , and an mRNA coding for another member of this family is present in soybean nodules (Franssen et al., 1987) .
Continuing these studies, we have now resolved the 28-kD and 33-kD repetitive proline-rich proteins (RPRPs) by acid-urea acrylamide gel electrophoresis in the presence ' To whom correspondence should be addressed.
of Triton X-1 00, and have purified each of the components to homogeneity by HPLC. We have also isolated from 31-hr germinated axes a cDNA clone (1A10-2) that corresponds more closely to the proteins than the earlier cDNAs. By comparative probing of RNA gel blots, we show that the soybean seedling contains both the SbPRPl and the 1A10-2 mRNAs. The early seedling contains primarily the 1A10-2 mRNA, while the SbPRPl mRNA predominates in the root. The cell culture contains exclusively the 1AlO-2 mRNA.
RESULTS

Resolution and Characterization of the 33-kD and 28-kD RPRPs
Preparative acid-urea acrylamide gel electrophoresis in the presence of Triton X-1 O0 (see Methods) allowed the separation of three fractions containing extensin and the two RPRPs. SDS gel electrophoresis (Figure 1) shows the resolution of the three proteins (lanes 1 to 4). In addition to the major bands, the 28-kD and 33-kD proteins have bands migrating at a position suggesting a dimeric form. The relative intensity of these more slowly migrating bands varied with the preparation but never exceeded that shown in Figure 1 . Omitting the heating in SDS or increasing the time of heating from 5 min to 25 min had no effect on the arabinose. A/-Acetylglucosamine and A/-acetylgalactosamine were then determined in 30 ^g of mixed RPRPs under conditions allowing detection of 0.2 ^g of the sugar. The data were completely negative for both aminosugars. Finally, gas-liquid chromatography analysis of the trimethylsilyl methylglycosides done on 120 /*g of the proteins indicated a low level of arabinose and glucose (less than 1%) and no mannose orgalactose. Clearly, the RPRPs are not glycoproteins. Figure 2 presents data analyzing the effect of alkali on the proteins. Just as with the acid treatment, there is a shift (or cleavage) of the 33-kD to a 30-kD form, but higher concentrations of alkali had little further effect. Lanes 1 to 3 show the conversion to the 30-kD form and demonstrate that, beyond this change, there is no loss of the protein when incubated for 1 hr at 25°C in concentrations of NaOH up to 4 N. The 28-kD protein is even more stable, with only a small change in the pattern of the protein upon incubation in 4 N NaOH (Figure 2 , lanes 4 to 6). The stability of the proteins in alkali is maintained at 50°C. Thus, a 1-hr incubation in 2 N NaOH at 50°C converted 75% of the 33-kD to the 30-kD form with no loss of the protein (Figure 2 , lanes 7 and 8). Complete conversion from the 33-kD form required 2.5 N NaOH for 4 hr at 50°C (Figure 2 , lanes 9 and 10), a condition, however, that seemed to produce additional cleavages. In control incubations, both bovine serum albumin and extensin were completely degraded in 0.2 N NaOH for 1 hr at 50°C. In the case of extensin, the glycoprotein was first partially level of the putative dimers nor did omission of the reducing agent. Treatment with 50 mM HCI for 1 hr at 90°C removed the dimer and, in the case of the 33-kD protein, resulted in the appearance of a new 30-kD band (Figure 1 , lanes 5 and 6). Higher concentrations of HCI increased the conversion to the 30-kD band, and ultimately brought about further cleavage generating a ladder of peptides (Figure 1 , lanes 7 and 8). Treatment of the 28-kD component with 100 mM HCI for 1 hr at 90°C removed the dimer as with the 33-kD component, but the major band remained unaffected (data not shown).
Considering that the shift in the 33-kD protein induced by mild acid treatment might be due to deglycosylation, as occurs with extensin (see Figure 2 , lane 11), we treated the two proteins with anhydrous hydrogen fluoride (Mort and Lamport, 1977; Van Hoist and Varner, 1984) . Except for removal of the dimer, this reagent had essentially no effect (data not shown). To determine more rigorously the carbohydrate content of the RPRPs, three independent analyses were done. In the first, a 2 N TFA hydrolysate of 100 ng of an HPLC-purified mixture (similar to Figure 1 Lanes 1 to 3 contained 0.2 ng of RPRPS with NaOH added to 1 N and 4 N in 2 and 3, respectively. After 1 hr at 25°C, acetic acid was added to bring the pH to 6.5 to 7.5. In lane 1, sodium acetate was added to give a salt concentration similar to that of lane 3. Lanes 4 to 6 contained 0.25 ^g of RPRP2 and other additions as in lanes 1 to 3. Lanes 7 to 10 contained 0.2 ^g of RPRPS; lane 7 was incubated 2 hr at 50°C in 0.2 N NaOH; lanes 8 and 9, 1 hr and 2 hr at 50°C in 2 N NaOH; and lane 10, 4 hr at 50°C in 2.5 N NaOH. Lanes 11 and 12 contained 0.35 vg of extensin, partially deglycosylated in 75 mM HCI for 1 hr at 90°C. In lane 12, the deglycosylated extensin was kept in 0.2 N NaOH for 1 hr at 50°C. RPRPS treated with 75 mM HCI (as with extensin) remained alkalistable, giving a pattern identical to that of lane 7. The amino acid content of the resolved RPRPs is given in Table 1 . There are two significant differences from the data reported previously (Averyhart-Fullard, Datta, and Marcus, 1988) : an increased level of glutamate and a somewhat reduced level of tyrosine. In addition, repeated analyses show a level of aspartate of 1 YO to 2.5%. To gain insight into the linear sequence of the proteins, we isolated cDNA clones coding for proteins having the proline-rich repeat from a library made from soybean axes germinated for 31 hr. Figure 3 shows the nucleotide sequence of a clone (1A10-2) selected from this library. This clone, as well as two additional ones identical in sequence, were obtained using the I A 1 0-1 probe previously described (Averyhart-Fullard, Datta, and Marcus, 1988) . The 1 A1 0-2 cDNA is clearly different in nucleotide sequence from the previously described cDNAs (IA1 0-1 and SbPRPl). The difference is particularly apparent at the protein level where the IA1 0-2 cDNA predicts a higher content of glutamate, indeed, a level dose to that of the 28-kD and 33-kD RPRPs (Table 1 ). The amino acid repeat sequence predicted from the 1A10-2 cDNA nucleotide sequence (Figure 4 ) is the decameric Pro-Pro-Val-Tyr-Lys-Pro-Pro-Vai-Glu-Lys rat her than the predominantly pentameric Pro-Pro-Val-Tyr-Lys of SbPRP1.
12).
Tissue Distribution of the SbPRP1 and 1A10-2 mRNAs
Probing of RNA gel blots containing poly(A)RNA from 31 -hr germinated axes, soybean cells in culture, and root of The data for the proteins are taken from three analyses that differed for the major amino acids by less than 10%. Three additional analyses of the mixed proteins gave analyses within this range.
a From Hong, Nagao, and Key (1987) . 1A10-2 cDNA (208 amino acids, M, = 23,800). the nucleotide sequence of cDNA 1 A1 0-2 was as follows: Restriction with Accl generated three fragments, one of 153 nucleotides ( Figure 3 ,500 to 652). one of approximately 300 nucleotides (652 to the 3' polycloning site), and a large fragment containing the insert from the 5' end to nucleotide 500 and the entire vector. The latter was cut with EcoRl and ligated into GEMB cut with EcoRl and Accl. This fragment was sequenced in the reverse direction from nucleotide 500. The other two fragments were ligated to GEMB cut with Accl. The 153-nucleotide clone was sequenced in both directions, and the 300-nucleotide clone was sequenced from the 5' end. Sequencing through the 3' end was prevented by the A:T tract. Additional sequencing was done within the clones by priming with oligomers synthesized on the basis of sequences already determined.
5-day to 12-day seedlings with a fragment containing the repeat region of the 1A10-2 cDNA (probe 1) or with the 1 A1 0-1 cDNA (Averyhart-Fullard, Datta, and Marcus, 1988) resulted in a high level of hybridization to a 1.1-kb to 1.2-kb mRNA ( Figure 5, probe 1) . Because the IA1 0-1 cDNA (94% homologous to SbPRPl mRNA) is only 83% homologous to 1AlO-2, we initially interpreted the strong hybridization of this cDNA to indicate the presence of The sequences are aligned to give the maximal amino acid match. Gaps are indicated by spaces and sequence identity is indicated by (-).
SbPRPI mRNA in all three cell types. However, considering that the repeat in the 1A10-1 cDNA might cause considerable cross-hybridization, we prepared two additional probes that would better discriminate between the 1A10-2 and SbPRPI mRNAs, and used these to analyze the RNA gel blots. The first probe was a synthetic 33-mer corresponding to nucleotides 921 to 953 of SbPRPI (probe 2), and the second was an Accl-fragment of 1A10-2 cDNA (probe 3) that included the untranslated 3' end of the mRNA and little of the repeat region (Figure 3 , nucleotide 649 to an Accl site just beyond nucleotide 943, i.e., in the polycloning site of the plasmid). Sequence comparisons showed less than 55% homology between the 33-mer and 1A10-2, and only 70% homology between the 1A10-2 Accl fragment and SbPRPI, with the latter homology occurring at only one site on the mRNA. Analysis of RNA gel blots with the probes (Figure 5 ) established the absolute specificity of probe 2 for the SbPRPI mRNA and confirmed the relative specificity of probe 3 for the 1A10-2 mRNA. The SbPRPI 33-mer fragment (probe 2) hybridized strongly to the mRNA in roots, only weakly to the mRNA in 31-hr axes, and not at all to mRNA from the cultured cells. The Accl fragment (probe 3) hybridized intensely to the RNA from both the cell culture and the axes, and only weakly to the mRNA present in roots. Thus, the predominant RPRP-type mRNA in roots is the SbPRPI mRNA (Hong, Nagao, and Key, 1987) , while that present in the axes and the cultured cells is a 1A10-2 type mRNA. The lanes contain the following levels of poly(A) RNA: 0.6 ^g from 7-day, soybean-cultured cells (cells), 1.0 ng from 31-hr axes, and 1.5 Mg each from the bottoms (basal 5 cm-abundant in root hairs) and tops (3 cm region below the hypocotyl junctionabundant in lateral roots) of 5-day roots and from the total root mass of 12-day seedlings. The lateral roots were removed from the tops of the 5-day roots. Probe 1 is the 153 nucleotide AcclAccl fragment of 1A10-2 (Figure 3 , 500 to 652). Identical data were obtained with the entire 1A10-2 cDNA or with the 1A10-1 cDNA (Averyhart-Fullard, Datta, and Marcus, 1988) . Probe 2 is a synthetic oligomer corresponding to nucleotides 921 to 953 of SbPRPI. Probe 3 is an Accl fragment from the 1A10-2 plasmid extending from nucleotide 649 to the polycloning site of the plasmid. Probes 1 and 3 were labeled by nick translation and probe 2 by phosphorylating the 5' end with 7-32 P-ATP. Hybridization was done as described (Datta et al., 1987) , except that probe 2 was used without heat-denaturing. With probe 1, the blots were washed twice at room temperature for 15 min in 0.5 x SSC and twice at 50°C for 30 min in 0.2 x SSC. With probes 2 and 3, the first two washes were with 1 x SSC, and the 30-min washes were at room temperature in 0.5 x SSC. With probe 3, similar results were obtained when the wash procedure applied was that described for probe 1.
Soybean cells contain a new class of repetitive proline-rich and hydroxyproline-rich proteins (Averyhart-Fullard, Datta. and Marcus, 1988) . Based on cDNA sequencing, there are at least two mRNAs that code for these proteins. The first of these (SbPRP1, Figure 3 ) has previously been described as a 1.2-kb mRNA (Hong, Nagao, and Key, 1987) . We show here that this mRNA is predominant in roots ( Figure  5 ) and suggest that the protein, when isolated, be referred to as RPRP1. The second of the cDNAs (1Al0-2, Figure  3 ) defines a 1 .l-kb mRNA that is present at a low level in roots and is abundant in germinated seedlings and in rapidly growing cells in culture. On the basis of amino acid content, in particular that of glutamate, the 1A10-2 mRNA corresponds to the 28-kD and 33-kD RPRPs. In confirmation of this conclusion, we have found that the sequence of the first 49 amino acids from the N terminus of RPRP3 and the amino acid content of the major chymotryptic peptide of the protein correspond to that predicted from cDNA 1A10-2 (C. Haase, manuscript in preparation). We cannot determine which of the two proteins is encoded by the mRNA nor can we be certain that the sequence of the carboxyl end of the isolated protein corresponds to that of the cDNA. Nevertheless, the 5' terminus and the major repeat region are those predicted by 1 A1 0-2. The slower migration of the proteins in SDS-PAGE gels, i.e., 28 kD and 33 kD versus 24 kD maximally predicted from a 208-amino acid cDNA, is presumably due either to the high proline content of the protein (see Franssen et al., 1987) or to the high ionic charge (Alliotte et al., 1989) .
Severa1 points may be noted with regard to nucleotide sequence of 1A10-2 (Figure 3) . We have done primer extension sequencing with RNA from axes germinated for 31 hr using an antisense primer extending from position 69 to 52 and have obtained the nucleotide sequence of 1A10-2, confirming that this mRNA is the one predominating in the axes. The sequencing reaction terminated at positions 1 to 3, indicating that the transcription start site is probably at nucleotide 1. The predicted amino-terminal signal sequence of 22 amino acids (Figure 4) is strikingly similar to the 26-amino acid terminus predicted by SbPRPl , and we have confirmed that the cleavage is between Ala22 and AsnZ3 by N-terminal analysis of the RPRP3 protein (C. Haase, unpublished results). The 3'-untranslated region again possesses much similarity to that of SbPRP1 mRNA with the putative polyadenylation signal being AATAAT (91 8 to 923), a signal sequence that occurs frequently in plant mRNAs (Dean et al., 1986; Joshi, 1987) but not in vertebrates (Wickens and Stephenson, 1984) .
The conversion of the 33-kD RPRP3 to a 30-kD form by mild acid treatment (Figure 1 ) is difficult to explain. The anhydrous hydrogen fluoride experiments and the carbohydrate analyses indicate that the difference cannot be due to an acid-labile carbohydrate. Particularly intriguing is the fact that the same modification seems to occur with alkali under conditions where additional side reactions are minimal (Figure 2) . Furthermore, the sensitive site is not present in the otherwise highly similar RPRP2.
The stability of RPRP3 to alkali is novel. A number of proline-rich proteins are known both in animals and in plants (Miller and Gay, 1982; Foster, 1982; Waite, Housley, and Tanzer, 1985; Carlson, Ann, and Mehansko, 1986; Shotwell and Larkins, 1989) , and, to our knowledge, stability to alkali has not been noted. Elastin is often prepared by extraction in boiling 0.1 N NaOH (Foster, 1982) . The process is carried out, however, on an insoluble residue, and there are no indications that the soluble monomer, tropoelastin (Foster et al., 1975) , is alkali-resistant. As noted in Figure 2 , soybean extensin is readily hydrolyzed by alkali. Another surprising observation with regard to the RPRPs is that they are completely refractory to staphylococcal protease (Drapeau, 1977) and proteinase K (Ebeling et al., 1974) . The Glu-Lys bond of histones is cleaved by the staphylococcal enzyme, and bovine serum albumin gives a reproducible peptide pattern. Similarly, both deglycosylated extensin and bovine serum albumin are hydrolyzed by proteinase K. It appears, therefore, that the RPRPs possess a novel three-dimensional structure. How do the RPRPs interact within the cell wall? Are they bound to other matrix components by ionic or covalent bonds? Do they form a cross-linked meshwork as proposed for extensin (Epstein and Lamport, 1984; Fry, 1986) ? The ability to obtain a basal level of the proteins by salt extraction both from the cell culture and from soybean seedlings (A. Schmidt, unpublished results) indicates that some of the RPRPs (perhaps as long-lived precursors) are bound ionically. However, more than 50% of the radioactive hydroxyproline in the walls of cells in culture and a substantial fraction of seedling cell wall RPRPs are not solubilized by high salt (A. Schmidt, unpublished results). It seems clear, therefore, that, like the extensins (Lamport, 1969) , the RPRPs are bound in the cell wall in complex structures. Given such interaction, the difference in the primary repeat between RPRP1, which predominates in the fibrous root, and RPRP3, which predominates in the stem-like axis, is of interest. We have found that RPRP3 localizes in the intercellular spaces of the cortex (J. Greenberg, manuscript in preparation), perhaps acting to "cement" these cells. Assuming a similar role for RPRPl in the root, the difference in the amino acid repeat sequence of the proteins may be related to differences in the interacting carbohydrates (Selvedran, 1985; Fry, 1988) .
METHODS
Seed Germination and Seedling Growth
Soybean seeds were germinated in the dark on wet paper towels for 45 hr at 26OC. Seedlings of 3.5 cm to 4.5 cm in length were transferred to a box where they were maintained upright with the roots immersed in tap water (Datta et al., 1987) . After 6 hr in the light, the seedlings were kept on a continuous 24-hr regime of 8 hr darkness and 16 hr light. Additional distilled water was added after 5 days as needed. The data presented here were obtained with two varieties, Glycine max var Hobbit and var Corsoy.
Separation of RPRPS and RPRP3 by Acid-Urea Gel Electrophoresis
The acid-urea Triton method of Zweidler (1978) was used with a preparative electrophoresis apparatus that allowed continuous elution of fractions from the bottom of the gel. A cylindrical acrylamide gel, 10 cm in length and 0.6 cm in thickness, was formed using two concentric columns 1.7 cm and 2.9 cm in diameter. The gel solution contained 10% acrylamide, 0.2% bisacrylamide and 0.5% N, N, N', N'-tetramethylethylenediamine in 5% acetic acid, 8 M urea, 0.375% Triton X-100, and was polymerized overnight with 0.05% ammonium persulfate. After mounting the gel in an electrode chamber filled with 5% acetic acid, the gel was overlayed with 4 mL of 5% acetic acid, 8 M urea, 0.375% Triton X-100 (overlay solution) and preelectrophoresed at 80 V for 24 hr with 5% acetic acid, with fresh overlay solution added at 8 hr. The overlay solution was replaced with fresh overlay solution containing 4% methylthiopropylamine, and the gel was run for 30 min at 80 V. The running buffer was then replaced with fresh buffer in both the top and bottom reservoirs. Four milligrams of cell wall protein purified on CM-cellulose (Averyhart-Fullard, Datta, and Marcus, 1988) was evaporated to dryness and dissolved in 1.5 mL of 5% acetic acid, 8 M urea. After adding one drop of pyronine (red tracking dye), the solution was added to the gel and electrophoresed at 80 V with the direction of migration toward the cathode. Five percent acetic acid was pumped slowly across the bottom of the gel, through a UV monitor, and into a fraction collector. Three major peaks containing the 28-kD RPRP2, the 33-kD RPRP3, and extensin were collected and lyophilized to dryness. Each of the proteins was then purified by HPLC on an Alltech Econosphere C4 column (4.6 x 250 mm) (particle diameter, 5 pm) equilibrated with 0.2% TFA, 5% acetonitrile. The sample was applied in 0.1% TFA, 2.5% acetonitrile, and the column was eluted in a linear gradient of 5% to 44% acetonitrile over a 30-min period. Extensin and the two RPRP proteins eluted at positions similar to those previously noted (Averyhart-Fullard, Datta, and Marcus, 1988) . After adding 5% acetic acid, the protein solutions were taken to dryness in vacuo, and the residue was dissolved in water.
SDS-acrylamide gel electrophoresis was done as previously described (Averyhart-Fullard, Datta, and Marcus, 1988) except that the running gel was 16% acrylamide and the proteins were detected by the silver-stain procedure of Oakley, Kirsch, and Norris (1 980). Soybean extensin was prepared as previously described (Averyhart-Fullard, Datta, and Marcus, 1988) . To remove much of the hydroxyproline-linked arabinose, the extensin was treated with 75 mM to 100 mM HCI for 1 hr at 90°C (Lamport, 1980) . This preparation is referred to as "deglycosylated" extensin.
Analyses for carbohydrates were done by GC/MS of alditol acetates (Blakeney et al., 1983) , by gas-liquid chromatography analyses of trimethylsilyl methylglycosides, and by analysis of 4 N HCI hydrolysates for N-acetylglucosamine and N-acetylgalactosamine (Moore and Stein, 1963) . The alditol acetate analyses were done by Dr. K.C. Gross of the U.S. Department of Agriculture, Beltsville, MD. The determinations of N-acetylglucosamine and N-acetylgalactoseamine were done at the Protein Chemistry Service Center of the University of Pennsylvania, and the analyses of the trimethylsilyl derivatives were carried out by Dr. R.W.
Caslson of the Complex Carbohydrate Research Center, Athens, GA.
RNA Extraction and Analysis
RNA was extracted as follows. Samples (2.5 g to 3.5 g) frozen in liquid N2 were homogenized in a polytron in a mixture of 5.5 mL of buffer C [0.25 M sucrose, 0.2 M NaCI, 0.1 M Tris. HCI (pH 9), 0.01 M MgCI,, 5 mM dithiothreitol] and 5.5 mL of phenol-chloroform mixture (Huang et al., 1980) . Twenty percent SDS and 0.5 M potassium EDTA (pH 7.4) were added to final concentrations of 1 YO and 25 mM, respectively. After shaking at 4OC for 20 min, the aqueous phase was collected by centrifugation and the phenol phase reextracted with 1.2 mL of buffer C. The combined aqueous phases were extracted with 6.7 mL of chloroform-isoamyl alcohol (24:l) and precipitated overnight with 2.5 volumes of ethanol in the presence of 0.3 M sodium acetate (pH 5). The pellet was extracted twice with 3 mL of 3 M LiCI, once with 2 mL of 80% EtOH, and vacuum-dried. Poly(A) RNA was then isolated as described (Ramagopal and Marcus, 1979) , except that, before applying the RNA sample to the oligo(dT) column, it was heated for 2 min at 65OC. The eluting solution also was preheated to 5OOC. The concentration of poly(A) RNA was determined according to Rosbash and Ford (1974) . Electrophoresis of RNA and the hybridization of RNA gel blot transfers were done as previously described (Datta et al., 1987) . The washing conditions for the different probes are given in the legend to Figure 5 . lsolation and Sequencing of cDNA 1A10-2
A soybean axis cDNA library was prepared from poly(A) RNA from soybean axes that were germinated for 31 hr by using a vector-primer procedure (Alexander, 1987) . The mRNA was annealed to T-tailed Sacl-treated pCGN 1703, and first strand synthesis was done with Moloney murine leukemia virus reverse transcriptase. After adding G tails, one of the cDNA-mRNA complexes (the one adjacent to the Bam site) was removed with BamHI, leaving the second cDNA-mRNA vector complex with a BAM sticky-end at one end and a G-tail at the other. The complex was cyclized with a synthetic linker that had a BAM sticky-end and a 3'-C tail. Following ligation and repair, the circular complexes were transformed into Escherichia coli. The cloning scheme aligns the C:G tract adjacent to sequences representing the 5' end of the mRNA and an A:T tract adjacent to the 3' end. A T7 primer upstream of the cDNA insert allowed direct sequencing of the 5' end of the cDNA.
Selection of hybridizing colonies, growth of selected transformants, and the preparation of the 364-nucleotide 1Al0-1 probe have been previously described (Datta et al., 1987; AveryhartFullard, Datta, and Marcus, 1988) . Sequencing of double-stranded plasmids was done with Sequenase following the instructions of the manufacturer (U.S. Biochemicals Corp.). Optimal alignment between sequences and the extent of homology between sequences were determined with the GAP program of the WISCON-SIN sequence package.
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